There is a drastic increase in the incidence of extensively drug-resistant Gram-negative bacteria in the recent times, especially in India. Klebsiella pneumoniae and Acinetobacter baumannii are the two most common pathogens with high drug-resistant rates of up to 40% and 70% carbapenem resistance, respectively.
There is a drastic increase in the incidence of extensively drug-resistant Gram-negative bacteria in the recent times, especially in India. Klebsiella pneumoniae and Acinetobacter baumannii are the two most common pathogens with high drug-resistant rates of up to 40% and 70% carbapenem resistance, respectively. [1] Very few agents are available for the management of these drug-resistant infections. Tigecycline and colistin are the drugs of last resort for treatment as single agents/in combination with other antibiotics. However, both these agents have shortcomings in terms of susceptibility testing, which significantly impact on its right use. Tigecycline is approved for the treatment of Gram-positive and Gram-negative bacteria causing intra-abdominal infections and skin and soft tissue infections. [2] However, it is used off-label for the treatment of other infections such as septicaemia.
Literature evidence of susceptibility to tigecycline varies among members of Enterobacteriaceae, and it is around 97%-98% for multidrug-resistant (MDR) Escherichia coli, while it is 82%-92% among MDR K. pneumoniae. [3] [4] [5] For A. baumannii, there are no breakpoints defined. Tigecycline Evaluation and Surveillance Trial/ Antimicrobial Testing Leadership and Surveillance (TEST/ATLAS) studies report susceptibility by determining MIC 50 and MIC 90 . This ranges from ≤0.5 to 2 μg/ml and 1 to 8 μg/ml, respectively. [3, 6, 7] A recent study from two centres in India reports >95% susceptibility to tigecycline among Enterobacteriaceae and 84% susceptibility among carbapenem-resistant Enterobacteriaceae using the Food and Drug Administration (FDA) criteria, [8] while for Acinetobacter spp., the MIC 50 and MIC 90 values were found to be 1 and 2 μg/ml, respectively.
The European Committee on Antimicrobial Susceptibility Testing (EUCAST) collated database on MIC distribution of tigecycline for various organisms from global studies shows that greater proportion of K. pneumoniae isolates were within wild-type cut-off while Citrobacter koseri is highly susceptible with <1% of the isolates having MIC of >1 mg/L. [9] Although earlier studies reported lack of A. baumannii isolates with MIC of ≥4 mg/L, the EUCAST data show the steady increase in MIC among A. baumannii isolates. Furthermore, in contrast to E. coli and K. pneumoniae, A. baumannii is evenly distributed throughout various MIC and is not clustering around a certain MIC value [ Figure 1 ].
testing cHAllenges
Susceptibility to tigecycline can be tested by disc diffusion (DD) and broth microdilution (BMD) for MIC determination. Several factors influence the performance of tigecycline susceptibility testing; this include (i) date of preparation of the medium, (ii) ion content of the medium and/or (iii) organism-expressing heteroresistance to tigecycline.
[10] The use of freshly (≤12 h) prepared broth is required for tigecycline BMD. It is hypothesised that the composition of medium was also shown to affect tigecycline MICs. In particular, high manganese concentration in Mueller-Hinton agar plates has been reported to show increase in tigecycline MICs. [10] BMD is considered as the reference method for tigecycline susceptibility testing. Table 1 shows the performance of various automated systems in determining tigecycline susceptibility for Enterobacteriaceae. Automated systems including Microscan Walkaway system, VITEK 2 and BD Phoenix have reported high rates of unacceptable major error (false-resistant) compared to BMD [ Table 1 ]. However, performance of Microscan Walkaway system is comparable to BMD for all organisms tested with lack of very major errors except for Enterobacteriaceae group, [11] whereas VITEK 2 performance for tigecycline seems to be variable for Enterobacteriaceae group with wide differences in susceptibility ranging from 0% to 96% [ Table 1 ]. It also shows poor essential agreement with BMD, [12] [13] [14] while BD Phoenix performance for Enterobacteriaceae shows very low susceptibility with poor categorical agreement for members of Enterobacteriaceae. [13] Although BD Phoenix has good essential agreement, the susceptibility is much lower than BMD. [13] E-test overcalls resistance and hence does not correlate with BMD results. [11] [12] [13] Although E-test can be used to select out heteroresistant colonies, its susceptibility performance is poor. [11] interpretAtion cHAllenges
In addition to testing methodology, interpretation of susceptibility testing is also a challenge due to inconsistency in the breakpoints described, especially for Enterobacteriaceae, as proposed by various organisations [ Table 2 ]. Susceptibility testing of tigecycline either by DD or by BMD has been interpreted based on clinical breakpoints designated by the United States-FDA for the members of Enterobacteriaceae.
[15] This was derived from the clinical trial data based on the clinical outcomes of tigecycline therapy. The CLSI could not publish susceptible breakpoints for tigecycline as the drug manufacturers did not share the available data. The EUCAST recommends DD for testing E. coli alone and advices to use MIC method for other Enterobacteriaceae. [16] Until 2018, there was two twofold differences in the MIC between EUCAST and FDA in cut-off defining resistance [ Table 2 ]. [15, 16] However, recently in 2019, EUCAST breakpoints are revised and MIC testing is recommended only for E. coli and C. koseri but not for other Enterobacteriaceae with MIC of ≤0.5 μg/ml being defined as susceptible. [17] Since the breakpoint is now lowered in EUCAST 2019 to >0.5 μg/ml as resistant, there is four twofold difference from the FDA cut-off which is ≥8 μg/ml. [17] This challenges interpretation, and also, there is grey zone for isolates with MIC 1-8 μg/ml which might be termed resistant according to EUCAST but susceptible/intermediate susceptible as per the FDA. Furthermore, this questions the true prevalence of tigecycline resistance as reported by various studies when the EUCAST criteria are applied. Since there are no breakpoints for A. baumannii, susceptibility is assessed by determining MIC 50 and MIC 90 which, however, are not helpful for individual patient care.
clinicAl reporting: WAy forWArd
The elimination of breakpoint recommendation for K. pneumoniae in 2019 by the EUCAST brings in uncertainty. [16] For A. baumannii, EUCAST breakpoints are not available due to insufficient evidence. K. pneumoniae and A. baumannii do not have a species specific breakpoint. At this circumstance, the EUCAST recommended pharmacokinetics/pharmacodynamics (PK/PD) non-species-related breakpoints may be of help. [18] Thus, the EUCAST recommendation suggests dose of 100 mg followed by 50 mg 12 hourly if MIC of the test isolate is ≤0.5 μg/ml in non-critically ill. [17] For critically ill, high-dose tigecycline of 200 mg loading dose followed by 100 mg every 12 h may be considered in patients infected with pathogens resistant to all other classes of antimicrobials. [18] PK/PD of tigecycline at these high doses predicts that MDR strains with tigecycline MICs of up to 1 mg/L will respond to treatment. This MIC cut-off applies to the wild type of some species of Enterobacteriaceae other than E. coli, most notably for K. pneumoniae and Klebsiella oxytoca. [18] Figure 1: European Committee on Antimicrobial Susceptibility Testing collated database on MIC distribution of tigecycline from various global studies [9] Wild-type cut-off for Escherichia coli: ≤0. In summary, BMD is the appropriate method for determining tigecycline susceptibility testing. As there is wide grey area in MIC breakpoints differing by four twofold dilutions between FDA and EUCAST 2019, it is reasonable to use EUCAST PK/PD non-species-related breakpoints for clinical interpretation. However, if the MIC is >1 mg/L, even this PK/PD breakpoint may not be of help. 
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